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Introduction 

The United States Environmental Protection Agency (U.S. EPA) regulates the testing and listing 
of various categories of oil spill cleanup agents (OSCA) under Subpart J of the National 
Contingency Plan.  At the California state level, the Office of Spill Prevention and Response 
(OSPR) is mandated to regulate the licensing and use of OSCAs, including dispersants. 

Both programs require acute toxicity testing of most OSCAs, but the U.S. EPA program does not 
have established OSCA toxicity thresholds, while the OSPR program does. The U.S. EPA 
program does not yet require toxicity or developmental effects testing of endemic species, 
while the OSPR program has required embryo-larval development tests using red abalone 
(Haliotis rufescens) embryos since 1996.  Neither program currently requires toxicity testing for 
chronic/subchronic effects, although there has been a large demand for this since the 
Deepwater Horizon spill. The two programs have also used different approaches to other 
aspects of OSCA testing (e.g., different dispersant efficacy tests, different subject oils and 
weathering states). 

These circumstances have led to OSCA toxicity and efficacy data that were not directly 
comparable between the two agencies and did not allow OSPR to consider most of the other 
dispersants previously reviewed by U.S. EPA as having adequate toxicity and efficacy data. In 
addition, it did not allow OSPR to fully and adequately determine what other dispersant 
products should be considered for California licensing. 

The U.S. EPA has proposed revisions to Subpart J that would (U.S. EPA 2015), in addition to the 
acute toxicity testing on two new reference oils (Alaska North Slope crude, IFO 120), add 
subchronic toxicity testing and tests for developmental effects on purple sea urchin embryos 
(considered a comparable test endpoint to red abalone). Updates to the OSPR licensing 
program are intended to follow and align with the U.S. EPA program to the degree possible and 
as determined by the results of comparative toxicity and efficacy testing. 

This project fully evaluated the dispersant Corexit 9500A based on the proposed revisions to 
Subpart J.  This evaluation includes acute toxicity tests on dispersant and dispersant/oil 
mixtures with Alaska North Slope oil, as well as sub-chronic toxicity tests and embryo-larval 
urchin toxicity tests on dispersants only. To link proposed results with fish, mysids, and sea 
urchins, as well as historic abalone embryo-larval data with other dispersants, red abalone 
embryo-larval development tests were also conducted. 

Methods 

Six separate toxicity test protocols were used in this study. Two acute protocols: the 48-hour 
test with mysid shrimp (Americamysis bahia) and the 96-hour test with topsmelt (Atherinops 
affinis), as well as four chronic protocols: 7-day tests with mysid shrimp and topsmelt, the 72-



  
      

      
  

   

    
   

   
     

  
  

      
     

     
     

 
   

    
     

   
        

     
 

     
  

    
    

   
     

  
        

       
    

  

hour test with purple urchins (Strongylocentrotus purpuratus), and the 48-hour test with red 
abalone (Haliotis rufescens). Acute tests followed protocols described in U.S. EPA (2002a), and 
chronic tests followed protocols described by U.S. EPA (1995), except for the chronic mysid 
shrimp tests, which followed U.S. EPA (2002b).  Specific method names and protocol summaries 
are included in Table 1. 

Mysids were obtained from Aquatic BioSystems (Fort Collins, CO) or Aquatic Research 
Organisms (Hampton, NH), and topsmelt were obtained from Aquatic BioSystems.  Abalone 
brood stock were previously obtained from The Cultured Abalone (Goleta, CA), but had been 
held at the Marine Pollution Studies Laboratory at Granite Canyon (MPSL) for approximately 
one year. Acclimation conditions for purchased test organisms are included in scanned test 
packets (Appendix C).  In-house cultures were maintained in flow-through conditions with 
seawater at ambient temperature and salinity. 

Positive control reference toxicant tests were conducted using dilutions of copper or zinc 
chosen to bracket the various effects concentrations for each test organism.  Reference 
toxicant tests are designed to track ongoing laboratory performance and relative organism 
health (U.S. EPA 1995).  The preparation of control charts demonstrating the cumulative trend 
of statistical point estimates, and the relative variability among charted statistics, are necessary 
to interpret overall lab and organism performance. 

Corexit EC9500A dispersant was obtained through Robert Grosser of Pegasus Technical 
Services, Inc. (on-site contractor for EPA) and received in September 2018 (Lot #CX3E0010A0). 
Alaska North Slope (ANS) oil was obtained through Paul Meyer of the Bureau of Safety and 
Environmental Enforcement and received in June 2019 (Lot #PET105002.  See Appendix B for 
chain of custody).  All toxicity test experiments were conducted at MPSL. MPSL is accredited 
under the California Environmental Laboratory Accreditation Program (ELAP #2821). 

Corexit EC9500A was tested in duplicate with all toxicity test protocols.  Rangefinder tests were 
conducted with dispersant concentration ranges based on previously published median-lethal 
concentrations for other formulations of Corexit 9500 (George-Ares and Clark 2000; Singer  et 
al. 1995; 1996; Singer et al. 1991; Word et al. 2015).  In some cases, the series of concentrations 
used in the rangefinder experiment was repeated for the definitive experiment (Table 1). 
Dispersant/oil mixtures were tested in duplicate with only the acute protocols. All dispersant 
concentrations and dispersant/oil concentrations were prepared with MPSL seawater filtered 
to one µm. Ambient salinity was 34 ±1‰. Dissolved oxygen ranged from approximately 7.50 
mg/L to 8.00 mg/L, and pH ranged from 7.50 to 8.10. All tests were conducted under ambient 
laboratory illumination with a photoperiod of 16-hour light, 8- hour dark with a light intensity of 10 – 20 
µE/m2/s. 













    

      
      
     
      

       
     

      
     

    
     
   

       
   

      
      

  

 

      
       

   
   

    
 

  
  

  

     
     

    
    

    

Table 4.  Effect concentrations from current study compared to those from previous dispersant studies. 

Species Duration Method E/LC50 (ppm) Reference 
A. bahia 48-Hour Static 38.8 Current Study (average from Table 3) 
A. bahia 48-Hour Static 42.4 Word et al. 2015 
A. affinis 96-Hour Static 60.2 Current Study (average from Table 3) 
H. rufescens 48-Hour Static 6.28 Current Study (average from Table 3) 
H. rufescens 48-Hour Exp./Rec. 15.4 Singer et al. 1996 
S. purpuratus 72-Hour Static 29.7 Current Study (average from Table 3) 
S. purpuratus 72-Hour Static 16.7->50 Echols et al. 2019 

Tests with the purple sea urchin produced an average EC50 of 29.7 ppm, only slightly lower than 
the LC50 value for the chronic mysid test.  The urchin EC50 was within the range of static EC50s 
reported by Echols et al. (2019). 

The topsmelt acute and chronic tests were the least sensitive with average LC50s of 60.2 ppm 
and 67.2 ppm, respectively.  The biomass endpoint of the chronic topsmelt test was also not as 
sensitive as the acute endpoint.  Neither chronic topsmelt test was able to produce a biomass 
IC25 because of lack of dose response.  There were no previous evaluations of Corexit 9500 with 
96-hour topsmelt tests. 

CEWAF (Dispersant/Oil) Results 

CEWAFs were prepared on January 29, 2020, March 3, 2020, and June 17, 2020.  After spinning 
for 18 hours and settling for 6 hours, underlying water was drained from beneath the oil layer 
and sampled for testing and chemical analysis of total petroleum hydrocarbons.  Although 
prepared in a similar manner, the second CEWAF samples had a different appearance, and 
appeared “lighter” than the first (Martice Vasquez, CDFW, personal communication).  This 
CEWAF sample had a significantly lower concentration of TPH, and it was determined that 
insufficient dispersant was added to the oil during preparation.  A third CEWAF was prepared 
and produced appropriate dose responses, as well as a comparable TPH concentration to that 
of the rangefinder. 

All tests met test acceptability criteria, and all water quality parameters were within acceptable 
limits for the organisms and test duration (Table 5).  Some salinity values for the topsmelt tests 
were outside of the range, but this organism can tolerate a much wider range of salinity than 
utilized in this test, and the deviations likely did not affect the test organisms.  Reference 
toxicant tests were discussed in the previous section. 





       
    

   

   
   

 

  
 

  

 

  
 

 
 
 

 

 

 

 

 

 
  

 
      

  
 

      

  
 

      

  
 

      

 

    
         

    
     

     

response.  The LC50 for the rangefinder test was 83.9 mg/L TPH, whereas the LC50 for the 
definitive test was 56.7 mg/L TPH.  These point estimates had overlapping confidence intervals, 
indicating they were not significantly different. 

Table 6.  Statistical endpoints for dispersant/oil CEWAF tests.  NOEC = no observed effect concentration. 
LOEC = lowest observed effect concentration.  LC50 = median lethal concentration.  LCL and UCL = lower 
and upper confidence limits around the point estimate, respectively. 

Species Test Type & 
Duration 

NOEC 
(mg 

TPH/L) 

LOEC 
(mg TPH/L) 

Point 
Est. 

Type 

Point Est. 
Result (mg 

TPH/L) 

95% LCL 
(mg 

TPH/L) 

95% UCL 
(mg 

TPH/L) 
A. bahia 48-Hour 

Rangefinder 
<19.9 19.9 LC50 7.77 4.64 13.5 

A. bahia 48-Hour 
Definitive 

3.78 7.55 LC50 12.9 11.1 14.9 

A. affinis 96-Hour 
Rangefinder 

39.9 79.8 LC50 83.9 67.7 104 

A. affinis 96-Hour 
Definitive 

30.3 61.0 LC50 56.7 45.1 71.2 

Conclusions 

Among the dispersant-only tests, the red abalone was the most sensitive organism with an EC50 of 6.28 
ppm (Table 7 and 8). The survival endpoint of the chronic mysid test was the second-most sensitive 
endpoint (LC50 = 27.1 ppm) followed closely by the urchin development endpoint (EC50 = 29.7 ppm).  
The mysids were the more sensitive of the two CEWAF test organisms. Topsmelt had a mean acute LC50 
that was seven times that of the mean mysid LC50. 
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Appendix A – Data Figures and Summary Tables 
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Figure 1. Mean percent survival vs. dispersant concentration for acute 48-hour dispersant tests with 
mysid shrimp (Americamysis bahia).  Error bars indicate standard deviation. Data also presented in 
tabular format. 

Rangefinder 
Concentration (ppm) 

Percent Survival 
(mean ± SD) 

Definitive 
Concentration (ppm) 

Percent Survival 
(mean ± SD) 

0 98 ± 4.5 0 94 ± 8.9 
5.6 100 ± 0 5.6 96 ± 5.5 
10 98 ± 4.5 10 94 ± 5.5 
18 92 ± 8.4 18 86 ± 15.2 
32 74 ± 13.4 32 68 ± 20.5 
56 0 ± 0 56 34 ± 19.5 

100 0 ± 0 100 4 ± 8.9 
180 0 ± 0 180 0 ± 0 
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Figure 5. Mean percent survival vs. dispersant concentration for acute 48-Hour dispersant tests with red 
abalone larvae (Haliotis rufescens). Error bars indicate standard deviation. Data also presented in 
tabular format. 

Rangefinder 
Concentration (ppm) 

Percent Survival 
(mean ± SD) 

Definitive 
Concentration (ppm) 

Percent Survival 
(mean ± SD) 

0 84 ± 3.4 0 94 ± 3.2 
1.8 87 ± 1.2 0.56 93 ± 3.0 
3.2 78 ± 4.2 1 95 ± 2.6 
5.6 47 ± 7.8 1.8 92 ± 2.6 
10 0 ± 0 3.2 90 ± 3.0 
18 0 ± 0 5.6 90 ± 2.7 
32 0 ± 0 10 0 ± 0 
56 0 ± 0 18 0 ± 0 

100 0 ± 0 32 0 ± 0 
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Figure 6. Mean percent survival vs. dispersant concentration for acute 48-Hour dispersant tests with 
purple urchin larvae (Strongylocentrotus purpuratus).  Error bars indicate standard deviation. Data also 
presented in tabular format. NA indicates “not analyzed.” 

Rangefinder 
Concentration (ppm) 

Percent Survival 
(mean ± SD) 

Definitive 
Concentration (ppm) 

Percent Survival 
(mean ± SD) 

0 96 ± 3.4 0 95 ± 2.9 
1.8 97 ± 1.2 NA NA 
3.2 94 ± 4.2 3.2 96 ± 1.7 
5.6 97 ± 7.8 5.6 97 ± 1.7 
10 92 ± 0 10 94 ± 1.8 
18 87 ± 0 18 92 ± 1.8 
32 64 ± 0 32 34 ± 4.5 
56 1 ± 0 56 0 ± 0 

100 0 ± 0 100 0 ± 0 
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Figure 8. Mean percent survival vs. dispersant concentration for acute 96-hour CEWAF tests with 
topsmelt (Atherinops affinis).  Error bars indicate standard deviation. Data also presented in tabular 
format. 

Rangefinder 
Concentration (ppm) 

Percent Survival 
(mean ± SD) 

Definitive 
Concentration (ppm) 

Percent Survival 
(mean ± SD) 

0 92 ± 11.0 0 96 ± 8.9 
19.9 76 ± 21.9 15.2 80 ± 14.1 
39.9 76 ± 26.1 30.3 68 ± 17.9 
79.8 56 ± 29.7 61 44 ± 16.7 
160 0 ± 0.0 121 0 ± 0.0 
319 0 ± 0.0 243 0 ± 0.0 
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